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SUMMARY
In the work reported in this bulletin an effort was made to 
determine the most favorable vat temperature and time of 
exposure for final package pasteurization. The only> type of 
cap used was the Dacro cap, although; probably in a general 
way the results would be applicable also to other packages 
used for pasteurizing. The points considered in the deter­
mination were bacterial efficiency, creaming ability and the 
heated flavor produced.
High pasteurization temperatures are undesirable because 
of the reduced creaming ability and marked heated flavor of 
milk so treated.
It seems that 50 minutes in a vat of water at 145° is a 
very satisfactory exposure, since a good bacterial efficiency 
is obtained, there is but a slight decrease in the average cream­
ing ability of the milk, and the heated flavor developed is so 
slight that it cannot be detected by many people. This ex­
posure was satisfactory for half pints, pints, and quarts of 
milk and for pints of cream, as the increase in the tempera­
ture was much the same in the different cases, the greatest 
differences occurring early in the exposure period.
Milk pasteurized in water at 145° for 50 minutes soured 
with a typical lactic acid curd, although of course the souring 
was much delayed when compared with the time required by 
the same milk in a raw condition. In the pasteurized milk 
no gas formation was observed and the fermentation was es­
sentially a desirable one, being in general the same as that 
undergone by good clean raw milk.
As the vat temperature is increased above 145° the results 
are progressively less desirable, and up around 160° or 170° a 
satisfactory bacterial efficiency is obtainable only when a time 
is used which interferes materially with the creaming ability of 
the milk and which also imparts a pronounced heated flavor.
The use of a vat temperature of 140° has, as a serious 
objection, the prolonged exposure required, because of the 
slowness with which the milk warms up.
The results indicate a wide variation in the ability of dif­
ferent persons to detect a heated flavor in milk. . Samples 
readily recognized as pasteurized by people accustomed to 
judging dairy products gave no heated flavor to persons unac­
customed to such work.
The fat content apparently influenced the development of 
a heated flavor and accordingly it seems undesirable to make 
a definite statement in regard to the exposure necessary for
3
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the production of a heated flavor in milk pasteurized with 
the final package method; it is believed that this statement 
will also apply to other methods of pasteurization.
The heated flavor in milk pasteurized in the final package 
did not decrease on standing.
The exposure necessary to interfere with the creaming abil­
ity of milk seems variable. While the various factors influ­
encing this property of milk have not been investigated, it is 
evident that the physical condition of the fat is important. 
The temperature at which milk is held is known to exert a 
marked influence on the rising of the cream and there are, no 
doubt, other factors of importance in this connection.
Pasteurization with exposure to air was compared with pas­
teurization in capped bottles and no difference in the creaming 
ability of the milk or in the intensity of the heated flavor 
was detected.
With various vat temperatures a creaming ability greater 
than that of raw milk was frequently encountered. The same 
observation was reported by Kersten in 1911. This point is 
of no commercial importance because the periods of exposure 
giving this change are too short for a satisfactory bacterial 
efficiency, but it is to be further investigated because of its 
scientific importance. Experiments carried out to see whether 
Hojstein or Jersey milk favored this increase most were 
inconsistent.
Pasteurization in the final package did not either partially 
or completely eliminate undesirable flavors as some methods 
are said to, and in some instances actually seemed to intensify 
them. This point is, of course, of no significance where good 
clean milk is being pasteurized. In some cases, particularly 
where milk was held for some time in contact with the cap, a 
flavor was imparted to the milk by the cap lining. The manu­
facturers have attempted to overcome this difficulty by putting 
a piece of parchment paper in such a position that it will be 
the part of the cap coming in contact with the milk.
Cream with a slightly increased acidity seemed undesirable 
for final package pasteurization because it resulted in a thin 
layer of free fat on the surface o f the heated cream in some 
instances, and this gave a granular sensation to the tongue 
when the material was tasted. The appearance of such a layer 
of free fat also makes this heated cream undesirable.
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THE PASTEURIZATION OF MILK IN 
THE FINAL PACKAGE
BY B. W. HAMMER AND A. J. HAUSER
It is quite generally admitted that pasteurization of market 
lilk and cream is essentially desirable because it destroys a 
large percentage of the contained bacteria, including all of the 
ordinary disease producing types, while from the stand­
point of the milk dealer,, it must be recognized that it also 
improves the keeping qualities of milk. But the practice is met 
pith this serious objection: Ordinarily, milk is again exposed 
to contamination between pasteurisation and bottling. That 
danger has prompted efforts to provide a satisfactory method 
pf pasteurization of milk in the package in which it goes to 
[the consumer. It also prompted the experimental work re­
ported in this bulletin, which was undertaken to determine 
the most favorable temperature and time of exposure for such 
pasteurization, considering the bacterial efficiency, the cream­
ing ability and the heated flavor.
I That this contamination between pasteurization and bottling 
Is considerable in certain eases is very evident from the data 
published by certain municipal laboratories, such as the Chi­
cago laboratory.1 The pasteurization may be reasonably efficient 
[and yet the bottled milk contain excessive numbers of bacteria 
[due to the contamination from the cooler, the bottling and cap­
ping machinery, the caps, the air, and the persons handling the 
Imilk. From the standpoint of disease producing organisms, 
[the contamination from persons after milk is pasteurized is of 
[the very greatest importance. An epidemic of typhoid fever, 
[quoted by different American authors,2,3 occurred in England 
[as the result of such subsequent infection of heated milk. Ac­
cordingly, the objection that there is a possibility of contamina­
tion between pasteurization and the sealing of the bottle is very 
(serious, and cannot be entirely ignored. The infection of pas­
teurized milk with a type such as Bacillus typhosus that can 
[multiply therein is especially serious, because of the practice 
of holding pasteurized milk at a warmer temperature than raw 
Inilk, thus affording a good opportunity for growth.
I Any method which will exclude such contamination., without 
(any inherent disadvantages must be looked upon as a distinct 
advance. The pasteurization of beer has long been carried out 
pi sealed bottles and is essentially satisfactory. Within recent 
nears the principles employed by the brewers have been intro­
duced into the dairy industry, in a more or less modified form.
1 Rpt. Dept. Health of City of Chicago, 1907-1910, p. 273.
2 Jordan, Jour. Am. Med. Assn., Oct. 19, 1912, LIX, p. 1450.
3 Chapin, Sources and Modes of Infection, 1910, p. 292.
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Pasteurizing milk in the bottle in which it is to be delivered, the 
so-called final package pasteurization, does away with the con­
tamination that ordinarily occurs between pasteurization and 
delivery to the consumer and guarantees milk free from or­
dinary disease producing germs. This is the one big advantage 
of this method.
In addition, other advantages have been suggested. It 
has been pointed out that the lip of the bottle is so protected 
that on emptying, the milk is always poured over a clean sur­
face instead of one that may possibly be dangerously con­
taminated. The pasteurization of the bottle itself is a distinct 
advantage, while the fact that the bottle cannot be tampered 
with undetected, or filled on the street, is an additional safe­
guard. Another advantage much advertised is the ease with 
which bottles can be cleaned because of the absence of the 
ordinary cap rest. These are minor considerations although 
some of them must be regarded as of considerable significance 
from the bacteriological standpoint.
HISTORICAL REVIEW
The pasteurization of milk in the bottle has apparently been 
employed for some time in Europe. Jensen4 mentions this 
method and gives two general types of apparatus for use, first, 
a simple water bath, and second, a perforated drawer in a large 
metal tank into which steam can be admitted. The latter 
method is also adapted to the sterilization of milk inasmuch as 
in some of the machines a specially arranged mechanism enables 
the operator to seal the bottles before the machine is opened.
In 1901, C. Koch5 reported a method of bottle pasteuriza­
tion in which milk was heated for 10 minutes (73p to 75° C.) 
and drawn into sterilized bottles; the filled bottles were then 
heated for 35 minutes (75° to 76° C.) and, after 5 minutes of 
this heating, were sealed. The bottle used was small mouthed 
and was sealed with a rubber and porcelain stopper. The 
method was reported as probably having been used first in 
Amsterdam and later to some extent in other cities. Some 
of these methods are essentially methods of final package pas­
teurization;. they preceded any of the American work on this 
question, although of course, the exposures differ considerably 
from those used in the United States.
In 1908, Heinemann6 suggested the use of the brewers’ equip­
ment for the pasteurization of milk but reported no experimental 
work. In 1911, North7 carried out some work on the pasteuri­
zation of milk, using the apparatus available in a brewery.
4 Jensen’s Milk Hygiene, Pearson, 1909, p. 136.
5 Koch, C., Molkerei-Ztg. (Hildesheim), 1901, 15, No. 38, p. 677 ; No. 39, p. 697.
6 Heinemann, Arch. Pediat., 25, June, 1908,p. 436.
7 North, Med. Rec., 80, July 15, 1911, p. 111.
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Certain samples were pasteurized along with the beer while one 
set of data was obtained in which 48 bottles were held at 148° 
|F. for thirty minutes, 15 minutes additional being required for 
heating and 15 minutes for cooling. A  very good bacterial ef­
ficiency was obtained, the counts on the pasteurized milk run­
ning from 0 to 2,500 bacteria per c.c. and on the raw milk from
200,000 to 900,000. The bottles of pasteurized milk showed a 
distinct cream line and appeared as though the rising of the 
cream had not been in any way impaired. The author also re­
ported that in the pasteurized milk there was no odor or taste 
suggestive of heating.
Carter8 reported some work from Boston on final package pas­
teurization in which the bottles “ capable of being sealed with 
a crimped metal-capped cork seal, similar to those ordinarily 
used on beer bottles ’ ’ were immersed in a tank of water. After 
the milk reached 150° F., which required some time, this tem­
perature was maintained for a few seconds over 30 minutes 
and then the hot water was drawn off and cold water allowed 
to run in. The pasteurization was considered to be very 
efficient, the dairy in question delivering raw milk that carried 
from 12,000 to 50,000 bacteria per c.c. while the pasteurized 
milk carried from 800 to 6,000. The author reports that there 
was no cooked taste to the milk and that to the palate it seemed 
to be somewhat richer, but the cream line was not nearly so 
visible as in raw .milk.
One of the big objections to the brewers’ equipment is the 
small size of the bottle mouth. This is a disadvantage in cleans 
ing the bottles, although with the proper equipment that need 
| not be difficult. A  more serious objection, however, is the dif­
ficulty with which the cream is removed. In pouring from a
■  small mouthed bottle, the resulting agitation makes it hard to 
I  obtain the cream directly. If the cream is very heavy, it is
■  more or less difficult to pour out the contents. The general 
unsuitability of the small mouthed bottles led to the intro­
duction of large mouthed bottles that could be perfectly sealed.
In 191018 the No. 2 Dacro Crown was introduced by the Crown 
Cork & Seal ompany. This is a paper lined metal crown that 
can be crimped onto a special bottle in a manner similar to the 
ordinary crown cork. It may be of interest to note that the 
crown cork vjas invented by William Painter19 of Baltimore, 
was patented February 2, 1892, and was first used in the"brewing 
industry. The No. 2 Dacro Crown, which caps a bottle with a 
neck opening one inch in diameter, was objected to on account 
of the small size of the neck, and in 1911 the No. 3 crown, which 
caps a bottle with a neck opening of 1% inches, was introduced.
8 Carter, Jour. Am. Pub. Health Assn., 1, Old Series VII, Sept., 1911, p. 664.
18 Letter, from the Crown Cork and Seal Co.
19 Letter, from the Crown Cork and Seal Co.
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The Dacro crowns are particularly suitable for the method of i 
final package pasteurization. More recently a paper cap that I 
fits over the neck of the bottle and admits of the application! 
of final package pasteurization has been devised; the bottles are j 
held in a ease and a frame to which are attached inverted small 
pans fits over the bottles so that each pan protects a cap from 
the water used in the heating. This method of final package 
pasteurization was introduced at the 1913 National Dairy Show 
by the patentees of the cap, the Standard Cap & Seal company. I
In final package pasteurization the filled bottles are ordinarily 
heated by immersion in or sprinkling with hot water. Various 
devices using one or the other of these principles have .been 
tried and more recently the pasteurizers used by brewers have 
been modified to suit the needs of dairymen. After the 
heating of beer, it is not necessary to cool it to the low tem-j 
perature required with milk, and in modifying brewers’ ma-| 
chinery for milk pasteurization special attention is paid to the 
cooling facilities. These modified brewers’ machines should 
be more economical of both heat and refrigeration than the other 
devices and where enough .milk is pasteurized to justify the j 
expense of their purchase, they will undoubtedly be advantage­
ous. The time required in final package pasteurization is con- / 
siderable because glass is a poor heat conductor and this may, 
under certain conditions, prove to be a serious objection.
Ayers and Johnson25 have recently reported experimental 
work on a method of pasteurization which consists in filling 
heated milk into hot steamed bottles, capping with ordinary 
cardboard caps and cooling with a blast of cold air. This 
process gave them equally as good bacterial reductions as pas­
teurization in bottles and the method had no more appreciable 
effect on the cream line or the flavor o f milk than the ordinary 
process of pasteurization, while it eliminated bottle infection, 
saved milk and allowed the use of ordinary cardboard caps.
METHODS USED
In the experiment reported in this bulletin the Dacro capj 
was used and the milk was heated by immersing the bottles in a 
tank of hot water kept at the desired temperature by steam. ( 
Trials showed that the bottles of milk could be dropped into the ' 
heated water without breaking more than an occasional bottle, 
and when the temperature of the water was as low as 145° F. no 
trouble at all was encountered. In this work it was desirable 
to record definite temperatures and times, and, as it was impos­
sible to raise the temperature uniformly in different experi­
ments, it seemed preferable to drop the bottles into water heated 
to the temperature at which it was to be held, although it is
25 Ayers and Johnson, Jr. of Inf. Dis. 14, 1914, p. 217.
8
Bulletin, Vol. 13 [1914], No. 154, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss154/1
325
recognized that this method may not be desirable under practical 
conditions. The temperature of the water in the vat was held 
within 1 degree of the desired temperature without difficulty.
Rapid cooling is much more likely to result in breaking the 
bottles than rapid heating. In these tests the bottles were 
cooled by placing them in a container filled with water at a 
temperature near that at which the milk had been pasteurized 
and then allowing cold water to flow in from a faucet. This 
method proved very satisfactory where it was desirable to cool 
only one or several bottles instead of the entire run.
The temperatures were always recorded on the Fahrenheit 
scale (unless otherwise stated) because of the wider use of this 
scale in the dairy industry. The temperatures inside the bottles 
were obtained in some cases by means of a regular bottle ther­
mometer and in other cases by means of an ordinary thermom­
eter shoved through a cork. In certain instances it was desired 
to secure the temperature in the center of the bottle as well 
as along the wall and for this purpose a cork carrying two 
thermometers was used, one being set at an angle.
On account of the slowness with which milk is heated and 
cooled when it is in a bottle, the method of final package pas­
teurization must be looked upon as a modification of the ordinary 
holding method. Accordingly, it seemed probable that from 
the standpoint of commercial practicability low temperatures 
should be more satisfactory for final package pasteurization 
than higher temperatures. While most of this work was carried 
on with the water at 140° or 145° it seemed advisable to try a 
few runs with the water at higher temperatures.
The milk employed was that commonly brought to the Iowa 
State College creamery. In a number of cases the milk was 
allowed to stand at a fairly warm temperature in order to in­
crease the bacterial content and thus include a wider range of 
conditions in the results. In all eases pint bottles were used 
unless otherwise stated. The initial temperature of the milk 
as determined in a number of cases was between 50° and 60°.
The bacterial destruction has been expressed on a percentage 
basis and referred to as “ the bacterial efficiency.”  In a number 
of cases the bacterial efficiency has been nearer 100.00 than 99.99, 
but it has seemed preferable to use the latter figure as the former 
is suggestive of a sterile milk.
In the work on bacterial destruction the bottles were sterilized 
in an autoclave before use, but the caps were not. The medium 
used for plating was that recommended by the American Pub­
lic Health association and incubation was for 48 hours* at 99°.
The rising of the cream on a sample of heated milk has been
*An incubat'on of 48 hours undoubtedly rave lower results tlian would have been 
obtained bad the incubation period been longer because of the weaken!nr of the 
bacteria that survive pasteurization. The advantages of the short period, however, 
made its use seem advisable.
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referred to as the creaming ability and this has been recorded 
on a percentage basis, the depth of the cream layer being com­
pared with the depth of the cream layer on a control sample of 
raw milk. In this work large test tubes were filled with milk 
to a depth of exactly 6 inches and, after standing in a cooler 
until the next day, the cream layers were measured and the 
depths recorded in sixteenths of an inch. The temperature 
of the cooler was not constant from day to day, so the results 
of different days are not exactly comparable. Where a fat 
test on the skim milk was desired a 200 c.c. sample of the whole 
milk was held in a 250 c.c. separatory funnel in the cooler over 
night, after which 100 c.c. of the bottom milk were drawn off 
and used for the tests. All fat determinations were made by 
the Babcock method. Where photographs showing the cream 
layer were desired, a pint of milk was poured into 10 c.c. of a 
saturated alcoholic (95%) solution of Sudan 3 in a dry con­
tainer, after which the mixture was thoroughly agitated and 
then allowed to stand over night. If the Sudan 3 is poured 
into the milk, unsatisfactory results are invariably obtained 
because the stain is precipitated in large irregular masses.
The judging of the flavor of the milk was usually done by 
one or both of the authors in conjunction with Prof. M. Mor- 
tensen, who is in charge of the dairy department at the Iowa 
State College. For the most part, judgment was based on sam­
ples, which as far as the judges were concerned, were of un­
known treatment. This was found to be much more satisfac­
tory than attempting to judge the flavor in samples of known 
treatment. Differences which appeared to be present when the 
history of the samples was known were frequently not detectable 
when the history was unknown.
POINTS TO CONSIDER IN THE PASTEURIZATION OF MILK
From a commercial standpoint there are three chief points to 
consider regarding a temperature and time for pasteurization:
1 Bacterial efficiency secured.
2. Effect on cream layer.
3. Intensity of the heated flavor produced.
By a proper bacterial efficiency is meant the destruction of 
all of the non-spore forming, disease producing organisms as 
well as the destruction of a large percentage of the total or­
ganisms present. From the standpoint of disease prevention 
the destruction of Bacterium tuberculosis, Bacillus typhosus, 
Bacterium diphtheriae and the virus of scarlet fever is of the 
greatest importance. The spore forming organisms pathogenic 
for man are seldom present in milk and accordingly little con­
sideration need be given them under ordinary conditions. The
10
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resistance to heat of Bacterium tuberculosis is so great that its 
destruction can be assumed to require the fulfillment of the 
other points regarding bacterial efficiency. The admirable work 
of T. Smith20, Russell & Hastings,21 and others has established the 
time and temperature required for the destruction of the organ­
ism causing tuberculosis and all recommendations in regard to 
pasteurization must take their results into consideration. Ac­
cordingly it seems that milk pasteurized in the final package 
should be heated to at least 140° for at least twenty minutes 
with a margin of safety, as there should be in all pasteurization.
The appearance of the cream layer is practically the only 
method used by the consumer in determining the richness of milk 
and the richness too often serves ag the only basis for judging 
the quality of the supply. In certain countries where the people 
are accustomed to boiled milk such a condition does not obtain 
because the consumers have learned that a poor cream layer does 
not necessarily mean milk that is defective in the amount of 
fat contained. In the United States, however, from the com­
mercial standpoint, it is very essential that the pasteurization 
influence the creaming ability just as little as possible.
Table A gives some of the statements of dairy text-books 
as to the effect of heat on the creaming properties of milk.
TABLE A— STATEMENT FROM DAIRY TEXTS ON EFFECT OF 
HEAT ON CREAMING PROPERTIES OF MILK
Author Statement
Rosenaus ......................
Wardio ..........................
The heating of milk for half an hour at a tem­
perature of 150° F. or over, has the effect of 
entirely preventing the rising of the cream 
or of delaying it very materially.
Exposure to 160° F. for one minute, or longer 
exposure to 140° F. are both safe.
At 71° C. (159.8° F.) the milk is affected and 
the cream will not rise properly.
So long as the temperature (70° C. (158.0° 
F.) 20 min.) was not exceeded, neither the 
taste, appearance or composition of the milk 
was altered in the least.
155° F. for 1 minute— affects cream line. 145°
Savagen .......................
Willoughbyl2 . . . . . . . . .
Michelsis . . . . . . . . . . .
(Following North) 
Rosenau24 ....................
F. for 35 minutes— affects cream line.
Milk may be heated to 145° F. for an hour 
without markedly influencing the £ream line. 
If milk is heated somewhat higher than this, 
say 148° F., or for a longer time, the cream 
layer will blend with the milk below.
20 Smith, Jour. Expt. Med. 1899, IV, p. 217.
21 Russell & Hastings, Wise. Agr. Expt. Sta., 17th Annual Rpt., 1900, p. 147. 
8 Rosenau, Bulletin 56 U. S. Pub. Health and Mar. Hosp. Serv., p. 648.
10 Ward, Pure Milk and the Public Health, p. 115.
11 Savage, Milk and the Public Health, p. 383.
12 Willoughby, Milk-—Its Production and Uses, p. 210.
13 Michels, Market Dairying and Milk Products, p. 108, 109.
24 Rosenau, The Milk Question, p. 37.
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The question of the importance of a heated flavor in milk, 
is also one which varies a great deal in different localities. The 
Europeans, many of whom are used to boiled milk, object to it, 
but little if at all, while many of them actually prefer heated 
milk. From the standpoint of the milk dealers of the United 
States, however, it is desirable to pasteurize milk with the pro­
duction of just as little heated flavor as possible, because of the 
objection that is raised to it by many people. Table B records 
the statements made in regard to the production of a heated 
flavor in milk by some of the common dairy texts :
TABLE B— STATEMENTS FROM DAIRY TEXTS ON EFFECT OF 
HEAT UPON PRODUCTION OF A HEATED FLAVOR IN MILK
Author Statement
Rosenau^ .......... The cooked or scalded taste appears at about 
70° C. (158.0° F.) and becomes more pro­
nounced the higher the temperature.
Wingi4 .......................... Milk may be heated to 165 ° F. if quickly 
cooled afterwards without developing a 
boiled taste.
Wardio ......................... This (heated flavor) is left permanently in 
milk exposed to about 158° F. for fifteen 
minutes. Exposure to 170° F. in a closed 
vessel followed by immediate cooling is the 
highest temperature that may be used with­
out leaving a cooked taste. Ten minutes at 
160° F. is safe.
Swithinbank and 30 minutes 65° C. (149.0° F.) not appreciably
Newmanis ............ affected; 10 minutes 70° C. (158.0° F.) slight­
ly boiled; 10 minutes 75° C. (167.0° F.) 
boiled.
Fleischmanis .............. Pasteurized milk (75°. C. (167.0° F.) 15 min­
utes or 68° C. (154.4° F.) for 30 minutes) 
possesses a flavor slightly suggestive of 
boiled milk.
Michels13 .................. .. 150° F. for 40 minutes does not affect taste. 
167° F. for several minutes- taste affected.
Aikman1? ..................... 65° C. (149.0° F.) for 20 minutes induces a 
cooked flavor but this disappears on cooling. 
70° C. (158.0° F.) permanent change in taste.
Willoughby12 .............. So long as this temperature (70° C. (158.0° F.) 
for 20 minutes) was not exceeded neither the 
taste, appearance or composition of the milk 
was altered in the least.
It is, however, impossible to state definitely any temperature 
and time which represents the least exposure producing a heated 
flavor in milk because of the great variation among people in
9 Rosenau, Bulletin 56 U. S. Pub. Health and Mar. Hosp. Serv., p. 648.
14 Wing, Milk and Its Products, p. 122.
10 Ward, Pure Milk and the Public Health, p. 115.
15 Swithinbank & Newman, Bacteriology of Milk, p. 539.
16 Pleischman, The Book of the Dairy (Aikman and Wright), p. 277. 
13 Michels, Market Dairying and Milk Products, p. 108, 109.
17 Aikman, Milk Its Nature and Ccmpcsiticn, p. 106.
12 Willoughby, Milk— Its Production and Uses, p. 2io.
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their ability to detect this flavor. Among dairymen, it is gen­
erally admitted that a wide variation exists in the ability of 
persons to detect acid in milk and it not infrequently happens 
that milk which one person will consume as sweet is readily 
recognized by another as sour. There seems to be no reason to 
believe that people are any more alike in their ability to detect 
a heated flavor than in their ability to detect acid, so to give a 
definite statement as to the exact point at which a heated flavor 
develops must be regarded as impossible.
THE EXP E R IM E N TS AND THEIR RESULTS
RESULTS WITH A VAT TEMPERATURE OF 170°
Although it was believed that 170° would be too high a vat 
temperature to use in final package pasteurization, it was deemed 
advisable to try a few runs with it. The average results obtained 
on bacterial efficiency and creaming ability for the various times 
are given in Table C, while the average rise in temperature, 
both in the center of the bottle and near the wall is presented 
in table D.
Considerable variation in the rapidity with which the tem­
perature increased inside the bottles was encountered in the 
different experiments. This was in part the result of varia­
tions in the initial temperature of the milk and, as would 
be expected, was not so great after the longer exposures.
After a heating of 10 minutes the average temperature in the 
center of the bottle was 145.8° (maximum 150.0°, minimum 
142.5°). Taking the time of heating into consideration these 
temperatures are not high enough and, confirming this, we 
find for this exposure an average bacterial efficiency of 93.62, 
which is over 6 per cent lower than the average obtained for 
the 20 minute heatings. With the 10 minute heatings an average
TABLE C —  AVERAGE BACTERIAL 
EFFICIENCIES AND CREAMING
a b il i t i e s  o f  m i l k  p a s t e u r ­
iz e d  IN BOTTLES USING WATER  
AT 170.0° F.
TABLE D —  AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER AT 
170.0° F.
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10 5 93.62* 4 97.19* 10 3 145.8° 3 147.8°6 99.79 5 26.90 20 3 164.2 3 164.86 99.82 4 26.58 30 3 168.3 3 168.86 99.93 5 34.52 40 3 168.9 3 169.35 99.93 4 42.73 50 3 169.6 3 169.9
^ le data obtained in the individual experiments from which the average results 
were computed are found in the appendix.
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creaming ability of 97.19 was obtained and in one ease the 
creaming ability was over 100.00. This point will be taken up 
later. It is apparent then that the main objection to a heating 
of 10 minutes in water at 170° is an insufficient exposure of the I  
milk. In the case of the longer heatings a very satisfactory 
bacterial efficiency was obtained, always over 99.00, in individual 
experiments as well as in the averages. Although in a general 
way the higher bacterial efficiencies occur with the samples 
having the greater initial count, from the temperatures recorded 
in table D, it is probable that in all cases the milk was exposed 
sufficiently.
However, a very serious objection was found to such expo­
sures in the greatly decreased creaming ability, the average for ■  
the 20 minute heatings being 26.90 (maximum 38.09, minimum I 
20.00). The effect on the creaming ability of milk seems then to ■  
exclude the use of heating periods of 20 minutes or longer I 
with water at 170°. It is possible that a time satisfactory both I 
from the standpoint of bacterial efficiency and creaming ability 
could be found by trial somewhere between 10 and 20 minutes, 
but a slight deviation would undoubtedly give undesirable re- ■  
suits and under commercial conditions, slight deviations are I 
very likely to occur. A  distinct heated flavor was present in ■  
all of the milk pasteurized in water at 170°, even in the bottles I 
heated only 10 minutes, in which the average temperature I 
reached at the center was less than 146°. In the 10 minute 
bottles, however, the heated flavor was somewhat less pro­
nounced than in thosie heated for longer periods in which the 
flavor wras so prominent that it would be undesirable from a I 
commercial standpoint. From table C it will be seen that 
from 30 minutes on, with an increase in the time of heating, 
there is an increase in the average creaming ability.
In this connection, table E is of importance as it shows I 
that the skim milk, in the case of the samples heated for a 
considerable length of time, contains less butter fat than some I 
of the samples heated for shorter periods. Such a condition I 
of affairs is very likely caused by the running together of num- I
TABLE E— PER CENT OF FAT IN SKIM MILK OBTAINED FROM MILK PAS­
TEURIZED IN BOTTLES USING WATER AT 170.0° F.
Number of Minutes in Water
'
Raw 10 2 . 30 40 50
.65%
.80
1.80% .90% .85%
1.10 i . io % .80
.75% 1.00 .90
.95 .75 .60 .60
1.50 1.50 1.30 1.00
Averages..................... .75 .72 1.21 1.12 .92 .84
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bers of the fat globules after the lengthened heating and the 
rapid rising of the resulting masses. It is probable that con­
stant results are not obtained because of differences in the breed 
of cows supplying the milk and accompanying differences in the 
size of the fat globules.
RESULTS W ITH A VAT TEMPERATURE OF 165°
The average results obtained on bacterial efficiency and 
creaming ability for the various periods of heating at 165° vat 
temperature are given in table F and table G gives the average 
rise in temperature in the center of the bottles and also near 
the wall.
The data show that after a heating of 10 minutes the average 
temperature in the center of the bottle was 139.6° and that the 
average bacterial efficiency was 94.58. For this period, a cream­
ing ability of over 100.00 was observed in one trial out of three 
while in one trial it was exactly 100.00. In the case of the 20 
minute heatings the average bacterial efficiency is 98.31 and for 
30, 40, 50 and 60 minute heatings, it is always over 99.00. With 
exposures of 20 minutes or over, however, there is a great de­
crease in creaming abilities, the average for each heating period 
falling under 40.00 and in the ease of the 40 minute heatings 
being as low as 30.32. Here also the average creaming ability 
in the case of the longer heatings is greater than in the case of 
some of the shorter heatings, although the rise is not so pro­
nounced as with a vat temperature of 170° and is due in general 
to an increase in one experiment, which is so slight that no 
significance can be attached to it.
It is apparent then, that a 10 minute heating does not result 
in a sufficient exposure to heat while heating for 20 minutes or 
longer has a very objectionable effect on the creaming ability 
of the milk so treated. The indistinctness of the lower edge of
t a b l e  f — a v e r a g e  b a c t e r i a l
EFFICIENCIES AND CREAMING 
ABILITIES OF MILK PASTEUR­
IZED IN BOTTLES USING WATER  
AT 165.0° F.
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10 4 94.58 3 100.36
20 5 98.31 4 39.04
30 4 99.59 3 30.33
40 5 99.91 4 30.32
50 4 99.92 3 31.72
60 2 99.95 2 35.09
TABLE G— AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER A T  
165.0° F.
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10 2 139.6° 2 141.6°
20 1 160.0 1 160.5
30 2 163.4 2 164.0
40 2 164.0 2 164.2
50 2 163.8 2 164.0
60 1 163.8 1 164.0
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the cream layer in many cases makes measuring very difficult 
and correspondingly inaccurate and this inaccuracy may be 
responsible for some of the rises such as the one above referred 
to. The statement made under the discussion of a vat tem­
perature of 170° in regard to a suitable time being found some­
where between 10 and 20 minutes is equally applicable here.
In all of the bottles pasteurized with a vat temperature of 
165° a distinct heated flavor was evident, although in the case 
of the 10 minute heatings it was not very pronounced. With a 
heating period of 20 minutes or longer, however, the heated 
flavor was very prominent and in all probability would not have 
been tolerated under exacting commercial conditions.
A  comparison of the temperature at the center of the bottle 
with the temperature at the wall, both with a vat temperature 
of 165° and with a vat temperature of 170°, showed but slight 
differences. The greatest differences, as would be expected, were 
found after the shortest period of heating, which was 10 minutes, 
and here, with a vat temperature of 170°, the maximum was 2.5° 
while with a vat temperature of 165° the maximum difference 
was 3.0°. The rapidity of the rise in temperature of the milk 
in the bottles decreased, of course, as the difference between the 
temperature of the , milk and the temperature of the vat water 
decreased. The surprising point was the slowness with which the 
milk increased in temperature after the first 20 minutes of heat­
ing, and this indicates very clearly that the method of final pack­
age pasteurization must be looked upon as a modified holding 
method.
It seems very likely that long heatings at lower temperatures 
would be preferable to shorter periods at higher temperature 
because of the marked cooked taste and decreased creaming 
ability of the milk heated up to 160° and above by this method. 
The results obtained relative to these two points cannot be com­
pared to those obtained under flash conditions because of pro­
longed exposure to heat during the comparatively slow rise and 
fall of the temperature of the milk.
RESULTS W ITH A VAT TEMPERATURE OF 160°
Average results on bacterial efficiency and creaming ability 
for the different periods of heating at 160° are given in table 
H and in table I are given the average rises in temperature 
in the center of the bottle as well as next to the wall.
From the data given, the 10 minute heatings in water at 160° 
are obviously too short as the average temperature in the center 
of the bottle was only 135.5° and the average bacterial efficiency 
92.35. The average creaming ability, however, was 118.06. With 
the 20 minute heatings the average bacterial efficiency was 
99.28 but there might still be an objection to such an exposure 
as the average temperature reached in the center of the bottle
16
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■ was only 153.4°. Although in one experiment the creaming 
lability was 100.00 the average was only 70.00 which is a de- 
I crease that would be quite objectionable from a commercial 
[standpoint. With exposures of 30 minutes or longer, average 
[bacterial efficiencies of 99.90 or more were obtained, and there was 
[a constant decrease in creaming ability accompanying the in- 
| crease in the time of heating.
The results given in table J, which show an increase in the 
[percentage of fat in the skim milk with an increase in time of 
[heating, agree with the above mentioned decrease in creaming 
[ability. Apparently the conditions here are different than those 
[encountered when the milk was put into a vat at 170°, where an 
[increase in creaming ability and a decrease in the percentage 
[of fat in the skim milk accompanied prolonged exposure.
In regard to a vat temperature of 160° then it is apparent 
[that a 10 minute exposure is insufficient because of the low tem­
perature reached in the bottles, while a 20 minute exposure de­
creases the creaming ability quite markedly, and, moreover, 
[is questionable from the standpoint of exposure to heat. An 
[exposure of 30 minutes or more is out of the question because 
[of the decrease in creaming ability of the milk. In all of the 
[bottles heated in water at 160° a heated flavor was evident al­
though in those exposed only 10 minutes it was very slight. In 
[those exposed 20 minutes, it was considerably more pronounced
TABLE H— AVERAGE BACTERIAL 
EFFICIENCIES AND CREAMING 
ABILITIES OF MILK PASTEUR­
IZED IN BOTTLES USING WATER  
AT 160.0° F.
TABLE I —  AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER AT  
160.0° F.
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10 3 92.35 3 118.06 10 3 135.5° 2 139.5°20 4 99.28 4 70.00 20 3 153.4 2 155.51 30 4 99.90 4 47.02 30 3 158.0 2 159.140 4 99.97 4 30.82 40 3 159.1 2 159.950 3 99.97 3 28.70 50 2 159.7 2 160.1
TABLE J— PER CENT FAT IN SKIM MILK OBTAINED FROM MILK PASTEUR-
IZED IN BOTTLES USING WATER AT 160.0° F.
Number of Minutes in Water
Raw 10 15 20 40 50
I- Trial . ............................. 1.00% 1.30%1.10%
1.30
1 .50%
.80
1.57
1.60%
p Trial.................... .80
.80
1.101.20|_ Average....................... .95 1.60
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and in those exposed longer than 20 minutes it was at least as 
pronounced as for 20 minutes and in general more so.
RESULTS W ITH A  VAT TEMPERATURE OF 155°
The average results obtained on bacterial efficiency and cream- I 
ing ability for the different times at 155° are given in table K, I 
while table L presents the average rises in temperature in the 
center of the bottle and also next to the wall.
A  10 minute exposure is obviously insufficient in view of the 
fact that the average temperature reached in the center of the I 
bottle after such an exposure was only 130.1°. Because after I 
heating for 20 minutes the average temperature reached in the I 
center of the bottle was only 149.3°, this exposure must also I 
be regarded as insufficient although an average bacterial ef- I 
ficiency of 99.44 was obtained. Exposures of 30 minutes or I 
longer gave a bacterial efficiency of 99.00 or more and it is I  
probable that from the standpoint of time and temperature a I  
30 minute exposure would be satisfactory, inasmuch as the aver- I  
age temperature in the center of the bottle was 153.0°. With I  
a heating of 30 minutes or more, however, there is a marked I  
decrease in the creaming ability and the longer the heating, the ■
TABLE K—AVERAGE BACTERIAL 
EFFICIENCIES AND CREAMING 
ABILITIES OF MILK PASTEUR­
IZED IN BOTTLES USING WATER  
AT 155.0° F.
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10 3 94.77 3 107.21
20 7 99.44 7 102.43
SO 7 99.90 7 64.13
40 7 99.95 7 55.94
50 7 99.97 7 51.51
60 5 99.97 5 46.44
TABLE L — AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER AT 
155.0° F.
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1
10 2 130.1° 2 135.7°
20 7 149.3 6 150.7
30 7 153.0 6 153.6
40 7 154.2 6 154.5
50 7 154.6 6 155.2
60 3 154.8 2 154.9
TABLE M— PER CENT OF FAT IN SKIM MILK OBTAINED FROM MILK PAS­
TEURIZED IN BOTTLES USING WATER AT 155.0° F. ■
Number Minutes in Water
Raw 15 20 30 . 40 50 60
.60% 1.20%
1.60
1.30%
1.90
1.35
1.45
1.30%
1.90
1.45
i.óó%
.85%
.85
.80
.90
1.50%
1.50
1.50 
1.54 _Average.. .60 1.40 1.50
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greater this decrease, which runs from an average of 64.13 after 
30 minutes to an average of 46.44 after 60 minutes. With an 
exposure of 10 minutes, the creaming ability in two cases out 
of three was over 100.00 while in the third it was exactly 100.00 
and with a twenty minute heating the creaming ability equaled
100.00 in two cases was over 100.00 in two cases and under
100.00 in three cases. The average creaming ability as stated 
above shows a decrease with an increase in the time of heating 
and such a condition is suggested by table M in which results 
showing the percentage of fat in skim milk are given. The in­
crease in the amount of fat in the skim milk with an increase in 
the time of heating is not quite constant due to the thirty minute 
result, but as this result represents only one determination, it 
is of no very great significance.
It is evident that with a vat temperature of 155°, exposures 
which are satisfactory from the standpoint of temperature and 
time are objectionable because of their effect on the creaming 
ability of the milk so treated. A  heated taste was evident in all 
of the milk pasteurized with a vat temperature of 155° although 
in the shorter heatings it was only very slight. With the longer 
exposures, however, the heated flavor was quite decided and of 
sufficient intensity to be objectionable from a commercial stand­
point.
RESULTS W ITH A  VAT TEMPERATURE OF 150°
Table N presents the average results obtained on bacterial 
efficiency and creaming ability for the various periods of heating, 
while table O gives the average rises in temperature, both at the 
center of the bottle and near the wall.
An exposure of 20 or 30 minutes is hardly sufficient, judging 
from the temperature rises recorded, although in the latter ease 
the average bacterial efficiency was 98.09. With an exposure of 
40 minutes or more an average bacterial efficiency above 99.00 
was obtained and judged from the observed temperature rise 
also, such exposures would probably be regarded as satisfactory. 
Turning to the average creaming abilities, it is apparent that an 
exposure of 20 or 30 minutes would be satisfactory from this 
standpoint but that with an exposure of 40 minutes or more the 
creaming ability is markedly influenced in an undesirable man­
ner, the average being 72.99 for 40 minutes. From table N 
it will be seen that there is a gradual decrease in the breaming 
ability accompanying an increase in the time of heating from 
20 minutes on. This result is corroborated by the data presented 
in table P which shows a constant increase in the amount of fat 
m the skim milk accompanying the prolonged exposure to heat. 
In the case of the 20 minute heatings, the average creaming 
ability representing 15 determinations, was over 100.00; in 5
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TABLE N— AVERAGE BACTERIAL 
EFFICIENCIES AND CREAMING 
ABILITIES OF MILK PASTEUR­
IZED IN BOTTLES USING WATER  
AT 150.0° F.
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20 16 93.43 15 104.88
30 18 98.09 17 93.57
40 18 99.37 17 72.99
50 17 99.79 16 63.03
60 12 99.87 11 56.15
70 5 99.89 5 54.94
TABLE O —  AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER AT 
150.0° F.
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20 16 143.7° 6 146.0°
30 17 147.6 7 148.7
40 15 149.1 7 149.5
50 12 149.3 6 149.7
60 9 149.9 5 149.7
70 5 149.9 4 150.0
TABLE P— PER CENT OF FAT IN SKIM MILK OBTAINED FROM MILK PAS­
TEURIZED IN BOTTLES USING WATER AT 150.0° F.
Number Miuutes in Water
Raw 20 40 50 60 70
1. T ria l................................. .35% .35% 1.20%
2. T ria l.................... ............ 1 .10% 1.10% 1.20 ' 1.20%
.16 1.00 1.00
1.20 1.30 Ì .30
5. T ria l................................. 1.20 1.20
.80 1.15
.75 .60 1.30
8. T ria l................................. : . .75 "  ^ .75 1.05 1.10
9. T ria l................................. 1.35 1.50
Average....................... .66 .46 1.10 1.13 1.19 1.30
of the determinations the creaming ability was exactly 100.00, in 
7 it was over 100.00, and in 3 it was under 100.00.
In the case of a vat temperature of 150°, then, it can be said 
that a 30 minute or shorter exposure does not allow of sufficient 
heating of the milk while an exposure of 40 minutes or more, 
although giving a sufficient heating, is undesirable from the 
standpoint of the creaming ability of the milk so treated. The 
largest decrease in the average creaming ability occurs between 
the 30 and 40 minute exposures. Although a heated flavor was 
present in all of the bottles pasteurized in water at 150°, it was 
very slight in the shorter exposures and in all probability would 
not be called particularly objectionable even after 70 minutes. 
In certain cases it was impossible to tell the difference between 
bottles heated for 40, 50, 60 and 70 minutes, while in other cases 
a difference seemed to be detectable but very slight.
RESULTS W ITH A  VAT TEMPERATURE OF 145°
Average results on bacterial efficiency and creaming ability 
for the different periods of heating are presented in table Q
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while in table R are given the average rises in temperature at 
the center of the bottle as well as near the wall.
From the standpoint of exposure to heat, 50 minutes can be 
regarded as very satisfactory inasmuch as after 30 minutes the 
temperature in the bottles was up to an average of 143.1° with 
a minimum of 141.5° and 20 minutes additional heating admits 
of a sufficient exposure at this temperature. A  heating of 60 
minutes or longer would, of course, also fulfill the requirements 
but the added heating apparently is unnecessary. It will be seen 
from table Q that an exposure of 50 minutes gives an average 
bacterial efficiency of 99.56 which is very satisfactory. In all 
cases the average bacterial efficiency was over 99.00 when the 
heating was for 50 minutes or longer. From the standpoint of 
exposure to heat, it is probable'that 40 minutes would fulfill 
the actual requirements and moreover this time gave an average 
bacterial efficiency of 98.54 but it is desirable to allow a certain 
margin of safety so that slight variations in the vat temperature, 
etc., cannot be responsible for undesirable results with respect 
to the bacterial efficiency. "With an exposure of 50 minutes in a 
vat at 145° the average creaming ability was 94.68. In the case 
of a vat temperature of 145°, creaming ability values over 100.00 
were frequently encountered in the short time heatings and 
in general there is a drop in the creaming ability from the short­
est to the longest heating. The additional decrease in creaming 
ability when the exposures are for more than 50 minutes is the 
main objection to them although from table Q it appears that 
an increase to 60 minutes has but very little effect on the cream-
TABLE Q— AVERAGE BACTERIAL 
EFFICIENCIES AND CREAMING 
ABILITIES OF MILK PASTEUR­
IZED IN BOTTLES USING WATER  
AT 145.0° F.
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20 11 . 94.79 16* 102.22
30 15 97.52 21 100.91
40 15 98.54 21 98.77
50 13 99.56 20 94.68
60 13 99.71 18 94.56
70 4 99.51 3 83.09
80 2 99.96 2 79.36
100 2 99.97 2 71.43
120 2 99.97 2 65.87
TABLE R —  AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER AT  
145.0° F.
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20 15 139.3° 5 141.1°
30 19 143.1 5 144.0
40 18 144.1 5 144.5
50 17 144.5 5 144.6
60 15 144.4 5 144.4
70 4 144.5 4 145.0
80 2 144.8
100 2 144.9 V ;
120 2 145.0
*In Table Q. and U a larger number of trials are given under creaming abilities 
than are present in the individual experiments reported in the appendix. This is 
because a number of experiments were run in which no attention was given to the 
bacterial efficiency; the similarity of the results to those reported made it seem 
unnecessary to record them individually.
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Fig. 1— Comparison of the creaming abil­
ity of raw Holstein milk with the 
same milk heated in bottles in water 
at 145° for 50 minutes.
Fig. 2— Comparison of the creaming abil­
ity of raw Jersey milk with the same 
milk heated in bottles in water at 145° 
for 50 minutes
ing ability, the average being but slightly lower in the case of 
the 60 minute heatings than in the case of the 50 minute heatings.
In regard to the heated flavor, it can be said that this could 
always be detected although some of the bottles were only ex­
posed for twenty minutes. The difference in flavor between the 
bottles exposed for different lengths of time was remarkably 
slight and where the difference amounted only to 10 minutes, 
in many cases the variation in flavor was so slight that it could 
not be constantly detected.
ADDITIONAL TESTS AT 145°
Because an exposure of 50 minutes in water at 145° seemed 
very satisfactory for the method of final package pasteurization, 
it was desired to carry out additional work at this temperature, 
and accordingly it is discussed more fully, especially with refer­
ence to the commercial side of the question.
The average bacterial efficiency as stated above was 99.56 and 
the extremes were 99.99 and 97.98. The lower bacterial effi-
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Fig. 3— Comparison of creaming ability of raw Jersey milk with the same milk 
heated in bottles in water at 145° for 50 minutes. 8
ciencies were obtained on milk containing but comparatively 
small numbers of bacteria. Such an average efficiency means, 
of course, the destruction of large numbers of the bacteria con­
tained in a sample of milk. As previously mentioned, however, 
the question of the numbers of micro-organisms remaining in 
milk after pasteurization is equally as important as the bacterial 
efficiency and, with the exposure under discussion, the numbers 
of living organisms were in general quite low—frequently under 
100 organisms per c.c. The maximum number found after pas­
teurization was 65,000, which, of course, would not agree with the 
standard*set for pasteurized milk by the committee on milk stand­
ards of the New York Milk commission,23 but in this connection 
it should also be stated that the raw milk would not have agreed 
with their standard for milk to be used for pasteurization. 
From table R, showing the average temperature rise, it is 
evident that the milk is exposed to at least 140° for at least 20
23 Rpt. of the Commission of Milk Standards appointed by the N. Y. Milk Com., 
Reprint from Pub. Health Rpts., 78.
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Fig. 4— Comparison of creaming ability of raw Holstein milk with same milk heated 
in bottles in water at 145° for 50 minutes.
minutes and accordingly the destruction of all of the ordinary 
pathogenic organisms must be assumed to be accomplished.
The average creaming ability of milk exposed in water at 145° 
for 50 minutes was 94.68 and the extremes were 109.52 and 
78.57. The average, of course, would be satisfactory, from a 
commercial standpoint, although the minimum might be objected 
to. Figs 1, 2, 3 and 4 illustrate the effect of 145° for 50 
minutes on the creaming ability of milk. At this point it seems 
advisable to consider the increase in the creaming ability of 
milk induced by a slight exposure to heat. The frequency with 
which this result was obtained together with the failure to find 
increases with longer exposures, seemed to exclude errors in 
technique as the cause. A  study of the literature showed that 
Kersten2? had likewise observed an increase in the creaming 
ability of milk heated for short periods of time. Figs. 5 and 6 
represent typical cases of an increase in the creaming ability of 
milk as the result of a short exposure to heat. From these the
22 Kersten, M„ Molkerei-Ztg. (Hildesheim), 1911, 25, No. 30, p. 553; No. 31, p. 567.
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Pig. 5—Comparison of the creaming ability of raw Jersey milk with the same milk 
heated in bottles in water at 145° for various lengths of time.
increase with the Jersey milk appears to he greater than the 
increase with the Holstein milk. Experiments were carried out 
with these two kinds of milk (because they illustrate such varia­
tions in the physical condition of the fat) in order to determine 
whether or not one favored this increase in creaming ability more 
than the other. The results obtained, however, were' not con­
sistent and in view of the fact that the question is to be further 
investigated in this laboratory the data is not presented here.
As previously stated the milk pasteurized in water at 145° 
for 50 minutes in all cases showed a heated flavor. It was real­
ized, however, that great variations occur in the ability of per­
sons to detect a heated flavor, so in order to gain some idea of 
how milk pasteurized by this method would be considered by 
the consumers at Ames, a number of bottles of the: pasteurized 
milk were sent out to persons believed to be good milk judges. 
In each case the sample was accompanied by a second bottle 
of the same milk in a raw condition, together with a request 
that a report be made as to which bottle was preferred. No 
history was given in either case, the bottles simply being num-
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Fig. 6— Comparing the creaming ability of raw Holstein milk with the same milk 
heated in bottles in water at 145° for various lengths of time.
bered to facilitate reporting. The results obtained are shown 
in the following outline:
Number of persons seeing no difference between the two
bottles.......... ........................ .............................................  14
Number of persons preferring the raw milk........... .................. n
Number of persons preferring the pasteurized m ilk............... 36
T ota l.......... ........... ................................. .............. .............  61
Number of persons recognizing the pasteurized milk. . 8
From the above, it is evident that among the class of people 
represented, pasteurized milk was, more desirable than raw milk 
although the great majority were unable to pick out one of the 
samples as pasteurized and a number were unable to detect 
any difference between the two bottles. In the replies received, 
it frequently happened that one of the bottles were reported 
as tasting^richer than the other and the “ richer tasting”  sample 
was invariably the pasteurized sample. This has been previously 
observed by Carter (see review of Carter’s report).
It was observed that the intensity of the heated flavor in a 
sample of milk depended to a large extent on the fat content.
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In Jersey milk, with its greater percentage of fat, the heated 
flavor was never so pronounced as in Holstein milk, when the two 
kinds of milk were exposed under exactly the same conditions. 
Moverover, Jersey milk could be heated for a considerably 
longer time than Holstein milk, before the intensity of the heated 
flavor in the former approximated that in the latter. Where the 
heating of the two kinds of milk was the same, the Holstein 
milk could always be told from the Jersey by the greater inten­
sity of the heated flavor alone. As would be expected, in 
cream, the intensity of the heated flavor was not as great as in 
whole milk. The effect of the fat content on the intensity of the 
heated flavor has been reported by others interested in the ques­
tion of pasteurization.
In order to compare the rise o f  the temperature in bottles of 
various sizes when they were immersed in water, a number of 
determinations were made and these are summarized in table S ; 
this table also gives the temperature rise in pint bottles of cream. 
From the results, it is evident that the smaller bottles heat up 
considerably more rapidly early in the exposure but that after 
the longer exposures the differences between the bottles of various 
sizes are .quite small. It will be seen that in all cases the average 
temperature after 30 minutes is above 140°, so that the exposure 
suggested as being the most satisfactory is applicable to half 
pints, pints and quarts alike. Table S also shows that in pint 
bottles the cream worked with (approximately 18% fat present) 
rose in temperature as rapidly if not more rapidly than milk in 
pint bottles so that conditions satisfactory for milk are also 
satisfactory for cream. The thermometers used in this work 
were graduated only in degrees and were estimated to tenths. 
A comparison of the reading of the thermometers showed that
TABLE S— RISE OF TEMPERATURE WITHIN THE BOTTLES. WATER IN
VAT 145.0° F.
Time in Minutes
Half Pints 
Milk Pints Milk Quarts Milk Pints Cream Vat
N
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s
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8 65.95 10 63.38 8 64.86 5 62.82 11 146.87
5 ............................. 8 113.44 10 101.68 8 104.12 5 109 .«6 11 144.85
10 . . 8 130.29 10 122.86 8 120.30 5 126.44 11 144.18
15 . . 8 138.46 10 133.72 8 130.96 5 135.66 11 144.34
2 0 ............................ 8 141.77 10 139.16 8 136.90 5 139.32 11 144.86
25 . . ........... 8 143.16 10 142.02 8 140.57 5 142.02 11 144.99
30 . 8 144.17 10 143.43 8 142.69 4 143.77 11 145.08
35 . 8 144.57 10 144.17 8 143.80 4 144.77 11 145.01
40 . 8 144.65 10 144.58 8 144.62 4 144.85 11 145.13
45 . 8 144.86 10 144.70 8 144.95 4 145.17 11 145.37
50 . 8 144.96 10 145.14 8 145.21 4 145.25 11 145.47
55 . 8 144.92 9 145.13 8 145.47 4 145.50 10 145.50
6 0 ............. .............. 7 144.96 9 145.23 7 145.44 4 145.37 9 145.16
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they did not check exactly but the variations in all cases were 
under 0.5 of a degree and this was believed to be satisfactory for 
the work under consideration. It was these variations, however, 
that were responsible for the variations in the final temperatures 
reached in the bottles.
The exposure to air during the heating of milk is said to 
exert an important influence on the development of a heated 
flavor. In order to test out this statement a false bottom was 
so arranged in a tank of water that bottles partially filled and 
uncapped could be heated in the same tank with filled and 
capped bottles, that were entirely submerged. The open bot­
tles were, of course, frequently stirred in order to prevent the 
formation of a scum on the surface as a result of the evaporation.
The bottles exposed to the air during heating were compared 
with capped bottles heated in the same water at the same time. 
This comparison showed that under our conditions the exposure 
to air had no detectable influence on the intensity of the heated 
flavor developed | from the unknown samples it was impossible 
to pick out the bottle heated with exposure to air with any 
degree of certainty. As with the capped bottles, the percentage 
of fat was found to have considerable influence on the intensity 
of the heated flavor developed.
The creaming ability of the milk heated with an exposure to 
air was compared with that of milk heated in capped bottles 
under the same conditions of temperature and time, but, as 
would be expected no differences were detected.
Table T shows the average creaming abilities of milk pas­
teurized in half pints, pints and quarts, the different sized bot­
tles containing a certain lot of milk being heated, of course, in 
the same vat of water. It will be seen that as would be expected 
the creaming abilities follows in a general way the length of 
time required for the bottles of milk to heat up. A comparison 
o f_ table T with table Q shows that in the latter the values ob­
tained for the average creaming abilities are higher than in the 
former. This variation is probably due in part to the small 
number of individual results that enter into the values pre­
sented in table T, but it also indicates that rather wide varia­
tions are very likely to occur in work of this character, because 
of the many influencing factors that enter, some of which are at 
present unknown.
TABLE T— AVERAGE CREAMINGG ABILITIES OF MILK PASTEURIZED IN 
HALF PINT, PINT AND QUART BOTTLES USING WATER AT 145.0° F.
Half Pint Pint Quart No. of Trials
10 minutes ................................. 92.62 94.18 96.31 650 minutes ................................. 85.17 90.42 92.13 660 minutes ................................. 81.11 82.00 86.32 6
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In order to study the type of fermentation occurring in riiilk 
pasteurized in water at 145° for 50 minutes, a number of bottles 
were stored, some at about 70° and some at about 60°. Every 
morning and evening one bottle from each lot was examined for 
appearance and flavor. While the experiments were not exten­
sive, they indicate that usually such milk remained normal in 
appearance, arid sweet to the taste for at least 48 hours. At 
that time the milk began to coagulate at the cream layer and 
at the bottom. This change was ordinarily accompanied by 
the development of a normal sour milk taste, although in some 
cases on standing for four or five days, a bitter flavor was de­
tectable. No gas formation was observed.
From this brief description, it is- apparent that milk pasteur­
ized in water at 145° for 50 minutes undergoes much the same 
type of fermentation as that which a good quality of raw milk 
undergoes.
RESULTS W ITH A VAT TEMPERATURE OF 140°
Table U gives the average results obtained on bacterial ef­
ficiency and. creaming ability with the various periods of heat­
ing and table V gives the average rises of temperature, both in 
the center of bottle and near the wall.
It is apparent that the rise in the average bacterial efficiency 
is not as rapid as is the case with the higher temperatures and 
an average bacterial efficiency above 99.00 is not obtained until 
the exposure is for 80 minutes or more. From table V  it is evi­
dent that an average temperature of 138.9° is reached with an 
exposure of 40 minutes so that there should be a total heating 
of at least 60 minutes and preferably a little longer. The aver­
ages of the creaming abilities show that here also, with the shorter
t a b l e  u — a v e r a g e  b a c t e r i a l
EFFICIENCIES AND CREAMING 
ABILITIES OF MILK PASTEUR­
IZED IN BOTTLES USING WATER  
AT 140.0° F.
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20 11 87.51 14* 100.88
30 16 94.12 20 101.49
40 15 96.62 19 101.47
50 15 97.60 18 100.17
60 13 98.68 17 97.58
70 6 98.00 6 98.98
80 2 99.96 2 84.79
100 >2 99.99 2 84.79
120 2 99.99 2 84.79
TABLE V  —  AVERAGE TEMPERA­
TURES OF MILK PASTEURIZED 
IN BOTTLES USING WATER AT  
140.0° F.
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Temperature 
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20 12 134.8° 2 136.9°
30 15 138.1 2 138.7
40 12 138.9 2 139.5
50 13 139.3 2 139.9
60 13 139.4 2 140.0
70 4 139.4 2 140.0
80 2 139.5
100 2 139.7
120 2 139.8
'See foot note Table Q.
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heatings, these values may be over 100.00. Even after an ex­
posure of 120 minutes the creaming ability averages up to 84.79 
although, of course, only two determinations are represented 
and it is possible that additional work would lower this value. 
From the standpoint of heated flavor, the results obtained with 
a vat temperature of 140° were much the same as those obtained 
with a vat temperature of 145°. A  heated flavor could be 
detected in all cases and a slight increase in time did not so 
change the milk as to be evident by the taste. A  comparison 
of two bottles heated for the same length of time, one at 140° 
and one at 145°, frequently resulted in a report to the effect 
that there was no detectable difference. There is no doubt but 
that milk could be pasteurized with a vat temperature of 140° 
very satisfactorily, but the heating would necessarily be some­
what longer than with a vat temperature of 145° and the time 
required is already a serious drawback to this method of pas­
teurization. Moreover, no advantage would be gained from 
the standpoint of heated flavor or Creaming ability and accord­
ingly 140° is considered to be less desirable than 145°.
RESULTS APPLYING TO THE VARIOUS VAT  
TEMPERATURES
A number of points that must be considered in the practical 
application of the method of final package pasteurization have 
been studied with different vat temperatures and are here 
grouped.
The question of a pasteurized flavor in milk that has stood 
for some time after heating was studied because of the known 
partial disappearance on standing of the pasteurized flavor in 
butter. Bottles of pasteurized milk held in ice water for one 
week (which is considerably longer than any practical period 
of storage) did not show any reduction in the intensity of the 
heated flavor in a number of trials.
Pasteurization is sometimes said to improve the flavor of milk 
or cream by the partial or complete elimination of undesirable 
flavors. With the idea of finding out whether or not this was 
true with the method of final package pasteurization, compari­
sons were made between the flavor (aside from heated) in the 
pasteurized milk and the flavor of the same milk in a raw condi­
tion. Although the heated flavor undoubtedly tended to mask 
other flavors present, it seemed evident that the pasteurization 
did not eliminate the undesirable flavors and in a number of 
cases these flavors were apparently intensified. This point would, 
of course, be of no significance when milk of a good quality was 
being used, but might be of importance with milk possessing 
undesirable flavors.
In the pasteurization of cream, a thin layer of free fat was
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observed on the surface of the heated material in a number of 
instances. In these cases in general the acidity was higher than 
the other samples of cream, and it seems probable that the free 
fat was the result of the acidity, although it is not believed 
possible to give a limit for the acidity allowable. This free fat 
gave a granular sensation to the tongue when the cream was 
tasted, and accordingly was objectionable for that reason as 
well as on account of its appearance.
In the Dacro cap the part of the cap coming in contact with 
the milk is paper. In our work the pasteurized milk frequently 
carried a flavor that, although difficult of description, very evi­
dently came from this paper lining; the flavor was particularly 
noticeable in milk that had been held for some time especially 
if the bottle had been in such a position that the milk came 
in contact with the lining. This disadvantage apparently has 
been recognized by the manufacturers and more recently a parch­
ment lining has been used with the caps. We have not had an 
opportunity of using these lined caps, but it seems reasonable 
to suppose that they will overcome the difficulty.
CONCLUSIONS
1. The method of final package pasteurization must be re­
garded as a modified holding method because of the slowness 
with which the bottled milk can be heated or cooled.
2. High pasteurization temperatures are unsatisfactory for 
the method of final package pasteurization because of the de­
creased creaming ability and pronounced heated flavor of milk 
so treated.
3. An exposure of 50 minutes in water at 145° gave an aver­
age bacterial efficiency of 99.56 (13 experiments) and an average 
creaming ability of 94.68 (20 experiments). The heated flavor 
developed was so slight that only 8 persons out of 61 detected 
that the milk had been pasteurized.
4. Milk pasteurized in the bottles with an exposure of 50 
minutes in water at 145° was very satisfactory from the view­
point of the consumer. Out of a total of 61 persons, 11 pre­
ferred the raw milk, 36 preferred the pasteurized, and 14 saw 
no difference.
5. The intensity of the heated flavor in milk depended to a 
certain extent on the amount of fat present, inasmuch as the 
larger quantities of fat tended to mask the heated flavor. Be­
cause of the influence of various factors such as the fat content 
and also on account of the variations in the ability of different 
persons to detect a heated flavor, it is believed to be impossible 
to make a statement with reference to the exposure necessary 
to produce this flavor.
6. An exposure of 50 minutes at 145° is satisfactory for half 
pints, pints, or quarts of milk. Exposures satisfactory for milk
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appear to be satisfactory for cream, if we can judge from the 
results obtained with pint bottles.
7. The exposure of milk to air during the heating process had 
no detectable influence on either the creaming ability or the 
detection of a heated flavor.
8. Milk pasteurized in bottles by an exposure of 50 minutes 
in water at a temperature of 145° underwent much the same 
type of fermentation as good, raw milk although in the former 
case the appearance of the fermentation was, as would be ex­
pected, materially delayed.
9. As the vat temperature is increased above 145° the results 
obtained are progressively less desirable.
10. A  vat temperature of 140° is objectionable mainly on 
account of the long exposure necessary.
11. With short exposures at various vat temperatures an 
increased creaming ability of the milk so treated was frequently 
observed but, with exposures which would satisfy the require­
ments regarding bacterial efficiency, such an increase was not 
observed.
12. Final package pasteurization did not decrease undesir­
able flavors in milk and in some cases seemed to intensify them.
13. Cream with a slightly increased acidity is undesirable 
for final package pasteurization because of the appearance of 
the heated cream as well as because of the sensation it gives to 
the tongue.
14. In our work a flavor was imparted to the milk by the 
paper lining of the cap in some cases. This defect has appar­
ently been recognized by the manufacturers and a cap with a 
parchment paper lining is at present being made.
A P P E N D IX
The following 71 tables present for comparison the number 
of bacteria per cubic centimeter and the depth of cream layers 
of raw milk and milk pasteurized in bottles in water at various 
temperatures and over various periods of time:
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38,500 12.5 Raw 2,030.000
10 5,700 85.19 12.0 96.0 10 10,750 99.47
20 100 99.74 3.0 24.0 20 70 99.99
30 40 99.90 30 70 99.99
40 30 99.92 7.0 56.0 40 70 99.99
50 40 99.90 7.0 56.0 50 55 99.99 • ------ -
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TABLE NO. 3— WATER IN VAT  
170.0° F. •
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Raw 13,550 9.510 550 95.94 10.0 105.2620 100 99.26 3.0 31.57
30 100 99.26 3.0 31.57
40 25 99.82 3.5 36.84
50 15 99.89 3.5 36.84
TABLE NO. 4 --W ATER IN VAT
170 .0° F.
Raw 19,750 10.510 2,350 88.10 10.5 100.0020 35 99.82 4.0 38.09
30 30 99.85 4.0 38.09
40 20 99.90 4.0 38.09
50 20 99.90 4.0 38.09
TABLE NO. 5--W ATER IN VAT
170 .0° F.
Raw 74,000 10.020 40 99.95 2.0 20.00
30 25 99.96 2.0 20.00
40 30 99.96 2.5 25.00
50 25 99.96 4.0 40.00
TABLE NO. 6 --W ATER IN VAT
170 .0° F.
Raw 1,645,000 .12.010 10,100 99.39 10.5 87.5020 25 99.99 2.5 20.83
30 15 99.99 2.0 16.67
40 15 99.99 ■2.0 16.67
TABLE NO. 7--W ATER  IN VAT
165 .0° F.
Raw 2,030,00010 33,200 98.3320 175 99.99
30 100 99.99
40 85 99.99
50 30 99.99 m
TABLE NO. 8--W ATER IN VAT
165 .0° F.
Raw 13,550 9.510 650 95.20 10.0 105.2620 450 96.68 4.0 42.10
30 200 98.52 3.5 36.84
40 ♦ 35 99.74 4.0 42.10
50 15 99.89 3.5 36.84
60 5 99.96 3.5 36.84
TABLE NO. 9 - -W ATER IN VAT
165 .0° F..
Raw 19,750 10.510 2,800 85.82 10.5 100.0020 1,000 94.94 5.5 52.38
30 30 99.85 3.5 33.33
40 25 99.87 3.5 33.33
50 30 99.85 3.5 33.33
60 15 99.93 3.5 33.33
TABLE NO. 10— WATER IN VAT  
165.0° F.
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Raw 74,000 10.020 45 99.94 4.5 45.00
40 35 99.95 2.5 25.00
50 35 99.95 2.5 25.00
TABLE NO. 11- 
165
—WATER IN 
.0° F.
VAT
Raw 1,645,000 12.010 17,100 98.96 11.5 95.8320 30 99.99 2.0 16.67
30 20 99.99 2.5 20.83
40 20 99.99 2.5 20.83
TABLE NO. 12- 
160
—WATER IN 
.0° F.
VAT
Raw 120,000 9.010 14,200 88.17 10.0 111.1120 3,300 97.25 7.5 83.33
30 35 99.71 5.0 55.56
40 20 99.98 4.0 44.44
50 20 99.98 3.5 38.89
TABLE NO. 13- 
160
—WATER IN 
.0° F.
VAT
Raw 42,500 9.010 3,900 90.82 12.5 138.8920 25 99.94 9.0 100.00
30 25 99.94 4.5 50.00
40 25 99.94 2.0 22.22
50 20 99.95 2.0 22.22
TABLE NO. 14- 
160
-W A T E R  IN 
.0° F.
VAT
Raw 68,000 10.020 40 99.94 5.5 55.00
30 35 99.95 4.5 45.00
40 30 99.96 3.5 35.00
50 25 ' 99.96 2.5 25.00
TABLE NO. 15- 
160
-W A T E R  IN 
.0° F.
VAT
Raw 1,645,000 12.010 32,100 98.06 12.5 104.1720 70 99.99 5.0 41.67
30 60 99.99 4.5 37.50
40 40 99.99 2.5 20.83
TABLE NO. 16— WATER IN 
155.0° F.
VAT
Raw 3,210,000 ............. 11.510 168.000 94.76 11.5 1100.0020 84.000 97.38 10.0 86.96
30 3,700 99.86 7.5 65.22
40 600 99.98 7.5 65.22
50 115 99.99 7.5 65.22
60 90 99.99 7.0 60.87
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TABLE NO. 17— WATER IN VAT  
155.0° F.
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Raw 55,000 10.520 150 99.73 10.5 100.00
30 5A0 99.82 6.5 61.91
40 50 99.91 5.5 52.38
50 25 99.96 5.0 47.62
60 25 99.96 4.5 42.86
TABLE NO. 18— WATER IN 
155.0° F.
VAT
Raw 745,000 9 .510 21,000 97.18 10.5 110.5320 1,050 99.86 8.5 89.47
30 200 99.97 5.5 57.89
40 190 99.98 5.0 52.63
50 90 99.99 4.0 42.10
60 85 99.99 4.0 42.10
TABLE NO. 19— W ATER IN 
155.0° F.
VAT
Raw 120,000 9.010 9,150 92.37 10.0 111.1120 205 99.83 9.0 100.00
30 70 99.94 6.0 66.67
40 55 99.95 5.5 61.11
50 40 99.97 5.0 55.56
60 35 99.97 4.5 50.00
TABLE NO. 20— WATER ÍN VAT  
155.0° F.
Raw20 102,000215 99.79 9.510.0 105.26
30 115 99.89 6.5 68.42
40 25 99.98 5.0 52.63
50 25 99.98 5.0 52.63
TABLE NO. 24— WATER IN VAT  
150.0° F.
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Raw 245,000 9.020 4,200 98.29 10.0 111.11
30 2,350 99.05 9.0 100.00
40 1,100 99.55 7.0 77.78
50 80 99.97 7.0 77.78
TABLE NO. 25— WATER IN VAT  
150.0° F.
Raw 118,500 9 020 17,700 85 06 10 0 111 11
30 6,100 94 85 .9 0 100 00
40 2,750 97 68 7 0 77 78
50 1,900 98 40 6 0 66 67
60 600 99 49 5 0 55 56
TABLE NO. 26— WATER IN VAT  
150.0° F.
Raw 6,600,000 11 020 210,000 96 82 11 0 100 00
30 132,000 98 00 9 5 86 36
40 108,000 98 36 8 0 72 73
50 1,220 99 82 7 0 63 63
60 75 99 99 7 0 63 63
70 45 99 99 7 0 63 63
TABLE NO. 27— WATER IN VAT  
150.0° F.
Raw 361,000 12 0 0020 171,000 52 63 12 0 100
30 10,250 97 16 11 0 91 67
40 4,450 98 77 10 0 83 33
50 660 99 82 9 0 75 00
60 195 99 95 8 5 70 83
70 85 99 98 8 5 70 83
TABLE NO. 28— WATER IN VAT  
150.0° F.
TABLE NO. 21— WATER IN 
155.0° F.
VAT
Raw 425,000 9.020 45 99.99 13.0 144.44
30 40 99.99 7.5 83.33
40 30 99.99 6.0 66.67
50 20 99.99 5.5 61.11
TABLE NO 22— WATER IN 
155.0° F.
VAT
Raw 92,000 11.020 450 99.51 10.0 90.91
30 160 99.83 5.0 45.45
40 105 99.89 4.5 40.91
50 70 99.92 4.0 36.36
60 55 99.94 4.0 36.36
TABLE NO. 23- 
150
—WATER IN 
.0° F.
VAT
Raw20 67,50012,350 81.74 12.0
30 7,750 88.52 12.5 104.17
40 830 98.77 9.5 79.17
50 80 99.88 8.0 66.67
Raw 3,210,000 11 5
104.3515 438,000 86.36 12 020 176,000 94.52 11 5 100.00
30 112,000 96.51 9 5 82.61
40 11,100 99.66 7 5 65.22
50 550 99.98 7 5 65.22
60 195 99.99 7 5 65.22
TABLE NO. 29-—WATER IN VAT
150 .0° F..
Raw 55,000 10 5 100.0030 450 99.18 10 5
40 . 350 99.36 7 5 71.43
50 25 99.96 6 5 61.91
60 20 99.96 5 .5 52.38
70 10 99.98 5 .0 47.62
TABLE NO. 30—WATER IN VAT
150 .0° F.
Raw 6,600,000
30 164,500 97.51
40 66,000 99.00
50 12,800 99.81
60 100 99.99
70 65 99.99 .
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TABLE NO. 31— WATER IN V,AT 
150.0° F.
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Raw 59,000 10.020 5,200 91.19 11.0 110.00
30 1,735 97.16 8.5 85.00
40 590 99.00 6.0 60.00
50 390 99.34 5.5 65.00
60 370 99.37 4.5 45.00
70 320 99.49 4.0 40.00
TABLE NO. 32— WATER IN VAT  
150.0° F.
Raw 745,000 9.520 4,300 99.42 10.5 110.53
30 1,130 99.85 9.0 94.73
40 425 99.94 6.5 68.42
50 185 99.98 6.0 63.16
60 50 99.99 5.5 57.89
70 5.0 52.63
TABLE NO. 33—WATER IN VAT  
150.0° F.
Raw 36,000 10 520 650 98.20 12 0 114 29
30 60 99.83 11 0 104 76
40 25 99.93 8 5 80 95
50 25 99.93 7 0 66 67
60 20 99.95 6 0 57 14
TABLE NO. 34 —WATER IN VAT
150 .0° F.
Raw 425,000 9 020 150 99.97 13 5 150 00
30 45 99.99 11 0 122 22
40 40 99.99 9 0 100 00
50 25 99.99 7 0 77 78
TABLE NO. 35— WATER IN VAT
150 .0° F.
Raw 92,000 11 020 850 99.08 12 0 109 09
30 210 99.77 11 0 100 00
40 125 99.87 7 0 63 63
50 120 99.87 6 5 59 09
60 130 99.86 5 5 50 00
TABLE NO. 36 —WATER IN VAT
150 .0° F.
Raw 15,000,000 ....... 11 520 31,950 99.79 11 5 100 00
30 3,420 99.98 9 5 82 61
40 975 99.99 7 0 60 87
50 85 99.99 5 5 47 83
TABLE N O . 37 —WATER IN VAT
150 .0° F.
Raw 101,500 17 520 615 99.39 15 0 85 71
30 355 99.66 14 0 80 00
40 260 99.74 11 0 62 85
50 160 99.84 9 0 51 43
TABLE N O . 38— WATER IN VAT  
150.0° F.
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Raw 62,000 12.010 3,600 94.19 12.0 100.0020 950 98.47 12.0 100.00
30 740 98.81 11.5 95.83
40 450 99.28 11.0 91.67
TABLE NO. 39 
150
—WATER IN 
.0° F.
VAT
Raw 113,000 14.020 720 99.36 12.0 85.71
30 165 99.86 11.5 82.14
40 110 99.90 9.0 64.29
50 105 99.91 7.5 53.57
60 80 99.93 7.0 50.00
TABLE NO. 40 
150
ÜW ATER IN 
.0° F.
VAT
Raw 9,000,000 14.020 2,670 99.97 12.0 85.71
30 780 99.99 11.0 78.57
40 75 99.99 8.5 60.71
50 60 99.99 8.0 57.14
60 45 99.99 7.0 50.00
TABLE NO. 41— WATER IN VAT  
145.0° F.
Raw 67,500 12.020 10,050 85.04 14.0 116.67
30 10,600 84.30 14.5 120.84
40 8,100 87.41 14.0 116.67
50 ............. 13.0 108.34
TABLE NO. 42— WATER IN VAT  
145.0° F.
Raw 6,600,000
30 191,000 97 11
40 90,000 98 64
50 65,000 99 02
60 49,000 99 26
70 13,200 99 80
TABLE NO. 43 —WATER IN VAT
145 .0° F.
Raw 104,000 12 520 14,850 85 72 13 0 104 00
30 3,700 96 44 13 0 104 00
40 1,410 98 65 13 0 104 00
50 880 99 15 12 0 96 00
60 810 99 22 11 0 88 00
70 735 99 29 10 0 80 00
TABLE NO. 44 —WATER IN VAT
145 .0° F.
Raw 59,000 10 020 8,600 85 42 11 0 110 00
30 5,150 91 27 11 0 110 00
40 2,110 96 42 10 5 105 00
50 1,190 97 98 10 0 100 00
60 655 98 89 9 0 90 00
70 555 99 06 8 0 80 00
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TABLE N O . 45 
145
—WATER IN 
.0° F.
VAT TABLE NO. 52- 
145
—WATER IN 
.0° F.
VAT
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46,500 14.0 9,000,000 14.020 L550 96.67 15.0 107.14 20 13,400 99.85 13.0 92.85
30 225 99.52 14.0 100.00 30 2,235 99.98 13.0 92.85
40 105 99.76 14.0 100.00 40 1,295 99.99 12.5 89.28
50 80 99.83 14.0 100.00 50 1,195 99.99 11.0 78.57
60 65 99.86 13.0 92.85 60 360 99.99 11.5 82.14
70 99.89 89.28 TABLE N O . 53-—WATER IN VAT
TABLE NO. 46-—WATER IN VAT 145 .0° F.
145 .0“ m
Raw 42,500 10.5
Raw 36,000 10.5 30 540 98.76 11.0 104.7620 650 98.20 11.5 109.52 40 195 99.54 11.0 104.76
30 175 99.51 11.5 109.52 50 55 99.87 11.0 104.76
40 115 99.68 11.5 109.52 60 30 99,93 10.5 100.00
50 10 99.97 11.5 109.52 80 20 99.95 8.5 80.95
60 10 99.97 11.0 104.76 100 15 99.97 8.0 76.19120 20 8.0 76.19TABLE N O . 47-—WATER IN VAT
145 .0° F. TABLE N O . 54-—WATER IN VAT
• ■ 145 .0“ F.
Raw 920,000 12.020 11,000 98.81 12.0 100.00 Raw 720,000 15.5
30 6,250 99.32 11.5 95.83 30 710 99.90 13.5 87.10
40 4,700 99.49 12.0 100.00 40 305 99.96 12.5 80.65
50 1,060 99.89 11.5 95.83 50 110 99.99 13.0 83.87
60 160 99.98 11.0 91.67 60 55 99.99 12.5 80.65
TABLE NO. 48¿¿WATER IN VAT TABLE NO. 55— WATER IN VAT
145 .0° F. 145 .0° F.
15,000,000 11.5 83,000 9.020 ' 53Ì500 99.64 11.5 100.00 30 220 99.73 9.0 100.00
30 45,150 99.70 11.5 100.00 40 60 99.93 9.0 100.00
40 12,000 99.92 11.5 100.00 60 15 99.98 8.0 88.89
50 7,200 99.95 11.5 100.00 80 15 99.98 7.0 77.78100 99.98 6.0 66.67TABLE NO. 49—WATER IN VAT 120 10 99.99 5.0 55.56145 .0° F.
VATT A B L J i JNU. 56 •— W A T L K  UN
101,500 17.5 140.0° F.20 2,700 97.34 15.5 88.57
30 1,250 98.77 15.5 88.57 Raw 152,000 11.0
40 320 99.68 15.0 85.71 30 18,350 87.93 13.5 122.72
50 285 99.72 15.0 85.71 40 13,800 90.92 14.0 127.27
60 175 99.83 14.0 80.00 50 13,000 91.45 14.0 127.27
TABLE N O . 50—WATER IH VAT
145 .0° F. TABLE NO. 57—WATER IN VAT
14U.IT F .
Raw 62,000 12.020 2,000 96.77 12.5 104.17 Raw 245,000 ............... 9.0
30 815 98.69 12.0 100.00 20 10,700 95.63 10.5 116.67
40 605 99.02 11.5 95.83 30 5,150 97.90 11.0 122.22
50 570 99.08 11.0 91.67 40 3,950 98.39 11.0 122.22
60 430 99.31 10.0 TABLE NO. 58—WATER IF VAT
TABLE N O . 51—WATER IN VAT 140.0° F.
146 .0“ m
Raw 118,500 9.0
Raw 755,000 14.0 20 30,750 74.05 10.0 1 1 1 .1 120 5,600 99.26 12.0 85.71 30 26,600 77.55 10.0 1 1 1 .1 1
30 785 99.90 12.0 85.71 40 18,600 84.30 1 10.0 1 1 1 .1 1
40 230 99.97 12.0 85.71 50 10,550 91.10 ¡ 9.5 105.56
50 135 99.98 [ 11.5 82.14 60 8,100 93.17 ! l o . o 1 1 1 .1 1
.60 55 99.99 11.0 78.57 70 6,500 94.52 1 10.0 1 1 1 .1 1
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TABLE NO. 59— WATER IN VAT  
140.0° F.
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Raw 6,600,000 11.020 420,000 93.64 11.0 100.00
30 240,000 96. ?6 11.5 104.55
40 204,000 96.91 11.5 104.55
50 162,000 97.55 11.5 104.55
60 90,000 98.64 12.0 109.09
70 72,000 98.91 10.5 95.46
TABLE NO. 60— WATER IN VAT  
140.0° F.
Raw 361,000 12 020 98,000 72 85 12 0 100 00
30 35,250 90 24 12 5 104 17
40 22,000 93 91 12 0 100 00
50 20,500 94 32 12 5 104 17
60 14,150 96 08 12 5 104 17
70 12,800 96 45 11 5 95 83
TABLE NO. 61— WATER IN VAT  
140.0° F.
Raw 104,000 12 520 30,850 70 34 12 5 100 00
30 17,150 83 51 13 0 104 00
40 5,950 94 28 12 0 96 00
50 4,550 95 62 13 0 104- 00
60 2,465 97 63 12 5 100 00
70 1,740 98 33 13 0 104 00
TABLE N O . 62 —WATER IN VAT
140.0° F.
Raw 46,500 14 0 I20 6,100 86 88 15 0 107 14
30 1,055 97 73 14 0 100 00
40 340 99 27 14 0 100 00
50 180 99 61 14 0 100 00
60 110 99 76 14 0 100 00
70 60 99 87 14 0 100 00
TABLE NO. 63—WATER IN VAT
140.0° F.
Raw 920,000 12 020 29,000 96 85 11 0 91 67
30 11,000 98 81 11 0 91 67
50 4,300 ¡ 99 54 10 5 87 50
60 1,110 99 88 11 0 91 67
70 710 99 92 10 5 87 50
TABLE NO. 64—WATER IN VAT
140.0° F.
Raw 1,500,000 11 520 248,000 83 47 12 0 104 35
30 71,000 99 .53 12 0 104 35
40 74,500 99 .50 12 0 104 35
50 36,000 99 76 12 0 104 35
TABLE NO. 65— WATER IN VAT  
140.0° F.
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Raw 101,500 17.520 5,000 95.07 16.5 94.28
30 2,900 97.14 15.5 88.57
40 1,350 98.67 15.5 88.57
50 1,400 98.62 15.5 88.57
60 515 99.49 14.5 82.86
TABLE NO. 66— WATER IN 
140.0° F.
VAT
Raw 62,000 12.020 3,650 94.11 12.5 104.17
30 1,750 97.18 12.0 100.00
40 700 98.87 12.0 100.00
50 700 98.87 12.0 100.00
60 390 99.37 12.0 100.00
TABLE NO. 67— WATER IN 
140.0° F.
VAT
Raw 755,000 14.0
30 4,700 99.38 12.0 85.71
40
50
1,300
1,030
99.83
99.86
12.5 89.28
60 255 99.97 12.0 85.71
80 405 99.95 12.0 85.71100 105 99.99 12.0 85.71120 100 99.99 12.0 85.71
TABLE NO. 68— WATER IN 
140.0° F.
VAT
Raw 9,000,000 14.020 30,000 99.67 11.0 78.57
30 12,050 99.87 11.0 78.57
40 3,600 99.96 10.0 71.42
50 3,000 99.97 10.0 71.42
60 3,000 99.97 10.0 71.42
TABLE NO. 69— WATER IN 
140.0° F.
VAT
Raw 42,500 10.5
30 6,700 86.59 11.5 109.52
40 1,840 95.67 11.5 109.52
50 785 98.15 11.5 109.52
60 350 99.18 11.5 109.52
TABLE NO. 70— WATER IN 
140.0° F.
VAT
Raw 720,000 15.5
30 20,300 97.18 14.0 90.32
40 4,200 99.42 13.5 87.10
50 1,710 99.76 13.0 83.87
60 630 99.91 13.0 83.87
80 200 99.97 13.0 83.87100 75 99.99 13.0 83.87120 60 99.99 13.0 83.87
TABLE NO. 71— WATER IN 
140.0° F.
VAT
Raw 83,000 9.0
30 850 98.98 9.0 100.00
40 500 99.40 9.0 100.00
50 140 99.83 9.0 100.00
60 125 99.85 9.0 100.00
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The following seven tables show the rise of temperature within 
the bottles when milk is heated in water at the various tempera­
tures used in the experiment.
TABLE NO. 72— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
USING WATER AT 170° F.
Temperature in Center of Bottle
Number of Minutes in Water
10 | 20 30 40 50
1. Trial . ................................................ 150.0° i 165.0° 168.0° 169.0° 169.5°2. T r ia l.................................................... 142.5 §  163.8 168.3 169.3 169.4
3. T r ia l....................................i .............. 144.8 163.8 168.5 168.5 170.0
Averages........................................ 145.8 J 164.2 168.3 168.9 169.6
Temperature at Wall of Bottle
Number oJ Minutes in Water
10 | 20 30 40 50
1. T r ia l.................................................... 152.0° !1 165.5° 168.5° 169.0° 169.7°2. T r ia l.................................................... 145.0 K  164.5 168.8 169.8 169.8
3. T r ia l.................................................... 146.3 i 164.5 169.0 169.0 170.3
Average.......................................... 147.8 P 164.8 168.8 169.3 169.9
TABLE NO. 73— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
UbING WATER AT 165.0° F.
Temperature in Center of Bottle
j. Number of Minutes in Water
1 10 1 20 M 30 | 40 | 50 Ü  60
1. Trial ................................ 140.3° ............ 1160.0° 1 
........... 1
%
163.6°
163.2
163.4
164.0°
164.0
164.0
1
| 164.0° 
| 163.7 
| 163.8
.
2. Trial ................................ 139.0 163.8°
163.8Average....................... 139.6 160.0 i
Temperature at Wall of Bottle
Number of Minutes in Water
10 20 | 30 40 | 50 60
1. 141.3° ■ 1160.5° I 164.0°
164.0
164.0
164.0°
164.5
164.2
1
164.0° 
1 164.0 
| 164.0
2. 142.0 164.0°
164.0Average..................... 141.6 160.5 1
TABLE NO. 74— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
USING WATER AT 160.0° F.
Temperature in Center of Bottle
Number Miuutes in Water
10 20 | 30 | 40 50
1. T r ia l.................................................... 132.3° 153.0° fl158.0° H 159.3° 159.7°2. T r ia l.................................................... 133.8 153.0 I  157.9 § 159.1 159.83. T r ia l.................................................... 140.3 154.3 I 158.0 I 158.8Average.......................................... 135.5 153.4 1 158.0 $ 159.1 159.7
Temperature at Wall of Bottle
11 Number of Minutes in Water
1 10 1 20 | 30 40 50
1. T r ia l............................... 1.................j 140 0° 1 1 | 156.0° ] 
155.0 | 
1 155.5
159.3°
159.0
159.1
160.0° 160.0°
160.2
160.1
2. T r ia l...................... . . . . . ; .  ; . . . . . . .  .] 189 0
Average..................... 159.9
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TABLE NO. 75— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
USING WATER AT 155.0° F.
Temperature in Center of Bottle
Number of Minutes in Water
10 20 30 40 50 60
1. T r ia l ....................................... 150.5° 154.3° 154.8° 154.9°
i>. T r ia l ....................................... 150.5 153.0 154.4 155.3
3. T ria l................................ 130.7° 149.0 152.5 153.8 154.5 155.0°
4. T r ia l................................ 129.5 148.4 153.0 154.0 154.4 154.7
5. Trial ................................ 150.0 153.0 154.0 154.3
6. T ria l................................ 147.5 152.0 153.7 154.4
7. T r ia l............................ .......... 149.5 153.4 154.4 154.6 154.6
Average..................... 130.1 149.3 153.0 154.2 154.6 154.8
Temperature at Wall of Bottle
Number of Minutes in Water
Î 10 20 30 40 50 60
1. 151.2° 154.7° 154.9° 155.0°2. 151.5 153.0 154.5 155.3 155.0*3. 136.0° 151.5 153.5 154.2 155.0
4. Trial ................................ 135.0
.................
150.2 153.8 154.7 154.8 154.9
5. Trial ................................ 150.2 153.6 154.8 155.06. Trial . ................. 150.1 153.2 154.2 155.0 154.9Average..................... 135.7 150.7 153.6 154.5 155.2
TABLE NO. 76— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
USING WATER AT 150.0° F.
Temperature in Center of Bottle
Number Minutes in Water
20 30 40 59 60 70
1. T r ia l............... .’ ............ 144.5° 149.5°2. Trial .............................. 144.0 149.0
3. Trial .............................. 143.8 150.3°
4. Trial .............................. 135.0 Ì39.0 150.0°5. Trial .............................. 144.0 148.0 149.5 150.0° 150.0°6. Trial .............................. 145.5 149.0 150.0
7. 149.98. 149.0 149.2 149.4 150.0
9. 146.0 148.7 149.0 149.5 150.0 150.010. 145.5 148.5 149.0 149.8 150.0 150.011. 143.7 147.6 148.8 149.4 149.0 149.512. 141.5 146.8 148.2 149.0 149.3
13. 144.0
.................
148.0 149.0 148.6
14. 147.7 148.7 149.3 149.3
15. Trial .............................. 144.2 148.5 149.4 149.8
16. Trial .............................. 144.2 148.0 149.0 149.3.
17. 147.3 147.3 148.4
18. 143.0 147.6 149.0 149.2 148.8
19. Trial . ......................... 143.8 147.7 148.8 148.8 148.8 149.9Average..................... 143.7 147.6 149.1 149.3 149.9
Temperature at Wall of Bottle
Number Minutes in Water
20 1 30 f 40 1 50 | 60 f 70
1. 146.0° 1 149.0° 150.0° ►K |
112. | 149.0 149.9 149.9° | 149.4° | 150.0°
3. 147.0 | 148.8 149.6 149.8 j 150.0 1 150.0
4. 147.0 | 149.0 149.5 150.0 150 ..0 1 150.0
5. 146.0 1 148.5 149.5 149.9 1 149.0 150.06. Trial ................................ 144.0 | 148.0 149.1 149.8 150.0
7. 146.0 I 148.9 149.8 149.0 1__ Average..................... 146.0 1 148.7 149.5 149.7 149.7 150.0
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TABLE NO. 77— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
USING WATER AT 145.0° F ._______________________ ■
Temperature in Center of Bottle
Number of Minutes in Water
20 30 40 50 60 70 80 100 120
1. Trial . . . . 140.0° 144.3°
2. Trial . . . . 141.0 144.0 144.3° 144.2° 144.5° 145.0°
3. Trial . . . . 140.0 143.4 144.0 144.0 143.1 144.2
4. Trial . . . . 140.0 143.0 144.0 144.6 144.8 144.9
5. Trial . . . . 137.3 142.3 144.0 144.0 144.0 144.06. Trial . . . . 139.0 142.7 143.1 143.9 144.0
7. Trial . . . . 137.5 142.0 143.0 143.1 143.18. Trial . . . . 135.8 141.5 143.8 144.5
9. Trial . . . . 137.8 142.2 143.8 144.4 144.4
10. Trial . . . . 138.4 143.3 144.6 144.8 144.8
11. Trial . . . . 142.9 143.8 144.2 144.2
12. Trial . . . . 139.6 142.8 144.0 144.6
13. Trial . . . . 142.7 143.9 144.0 144.2 144.3° 144.5° 144.7*
14. Trial . . . . 142.6 143.7 144.4 144.4
143.5 144.6 145.2 145.2 145.4 145.4 145.4
16. Trial . . . . 139.8 143.2 144.6 144.8 144.8
17. Trial . . . . 141.3 144.2 144.7
18. Trial . . . . 142.2 144.7 146.0 146.0 145.5
19. Trial . . . . 140.2 144.2 144.5 145.3 145.3
Average 139.3 143.1 144.1 144.5 144.4 144.5 144.8 144.9 145.0
Temperature at Wall of Bottle
Number Minutes in Water
20 30 40 50 60 70
1, Trial ..................... .......... 141.3° 144.0° 144.3° 144.1° 144.5° 145.0°2. Trial ................................ 141.0 144.2 144.8 144.5 143.8 145.0
3. Trial ................................ 142.0 144.0 144.4 145.0 144.9 145.0
4. Trial ................................ 140.0 143.8 144.9 144.9 144.5 145.0
5. Trial ................................ 141.0 143.8 144.0 144.7 144.5
Average..................... 141.1 144.0 144.5 144.6 144.4 145.0
TABLE NO. 78— RISE OF TEMPERATURE OF MILK PASTEURIZED IN BOTTLES 
USING WATER AT 140.0° F. H | _________ _
Temperature in Center of Bottle
Number of Minutes in Water
20 30 40 50 60- 70 80 100 120
1. Trial 138.5° 139.0°2. Trial 136.0 139.5
3. Trial 135.0 139.0
4. Trial 134.5 137.0 139.0° 139.5° 139.5° 139.5°6. Trial 133.5 137.5 139.0 139.2 139.4 139.86. Trial 134.0 137.8 138.7 139.0 139.2 139.4
7. Trial 134.8 137.9 139.0 139.0 138.8 138.88. Trial 133.6 137.8 138.2 138.4 139.2
9. Trial 131.6 136.3 137.8 139.4 139.710. Trial 137.6 139.1 139.3 139.4 139.7° 139.8° 139.9°11. Trial 134.0 137.6 138.8 139.4 139.712. Trial 138.8 139.0
13. Trial 137.0 138.2 139.0 139.3 139.4 139.6 139.8
14. 138.3 139.4 139.8 139.8
15. Trial 134.6 138.5 139.2 140.0 140.0
16. Trial 138.0 140.5 140.5 139.8 139.5
Average 134.8 138.1 138.9 139.3 139.4 139.4 139.5 139.7 139.8
Temperature at Wall of Bottle
Number Minutes in Water
20 30 40 50 60 70
1. Trial ................................ 135.8° 139.0° 139.8° 140.0° 140.0° 140.0*2. Trial ................................ 136.0 138.5 139.2 139.8 140.0 140.0
Average..................... 136.9 138.7 139.5 139.9 140.0 140.0
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